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[Claim(s)] 

[Claim 1] In the power control circuit for automobiles for controlling the power which is 
formed between the power sources and loads in an automobile, and is supplied to a load 
from the above-mentioned power source The field-effect transistor by which the source or 
a drain is connected to the above-mentioned power source, and another side is connected 
to the above-mentioned load. While having a gate signal creation means to create a pulse 
signal with the set-up duty ratio, and to output to the gate of the above-mentioned 
electric-field transistor The power control circuit for automobiles characterized by 
connecting the capacitor to which the time amount rate of change of gate voltage is 
reduced in the middle of the circuit from this gate signal creation means to the 
above-mentioned gate. 

[Claim 2] The power control circuit for automobiles characterized by making the product 
RC of the resistance R of a circuit until it reaches [ from the above-mentioned gate signal 
creation means ] the above-mentioned gate (omega), and the electrostatic capacity C of 
the above-mentioned capacitor (F) or less [ 1x10 to 7 or more ] into 1x10 to five in the 
power control circuit for automobiles according to claim 1. 

[Claim 3] The power control circuit for automobiles characterized by setting to 50Hz or 
more the frequency of the pulse signal created by the above-mentioned gate signal 
creation means in the power control circuit for automobiles of a publication according to 
claim 1 or 2. 

[Claim 4] The power control circuit for automobiles characterized by setting to 5000Hz or 
less the frequency of the pulse signal created by the above-mentioned gate signal creation 
means in the power control circuit for automobiles according to claim 1 to 3 while having a 
metal oxide silicon field effect transistor as the above-mentioned field-effect transistor. 
[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention is prepared between the power sources and loads in 
an automobile, and relates to the power control circuit for automobiles which controls by 
Pulse Density Modulation (PWM is called below Pulse Width Modulation;.) the power 
supplied to a load from the above-mentioned power source. 

[ 0002 ] 

[Description of the Prior Art] Conventionally, as a means to perform modulated light of the 
lamp carried in an automobile, and accommodation of a motor rotational frequency, 
variable resistance is prepared between these lamps and motors, i.e., a load, and the 
power source of those, and, generally a means to change the resistance is known. 
However, with this means, while the energy loss of the above-mentioned resistance is 
large and serves as big hindrance of power consumption reduction, there is also a 




possibility of having a bad influence on other circuit elements etc. by generation of heat 
from the above-mentioned resistance. 

[0003] Then, PWM control is in the limelight as a means replaced with control of such 
resistance. An example of the circuit for performing this PWM control is shown in drawing 
5 . In drawing, the field-effect transistor (FET is called below FieldEffect Transistor;.) 12 is 
formed between the power source (dc-battery of +BV), and the load 10. In the example of 
drawing, while p channel MOS FET is used as FET12, the above-mentioned dc-battery is 
connected to the source and gate and a load 10 is connected to a drain, the gate signal 
creation means 14 is established between the above-mentioned gate and a dc-battery. this 
gate signal creation means 14 consists of an oscillator etc., and the electrical potential 
difference impressed to the gate of FET is periodically changed from the above-mentioned 
dc-battery in the shape of a pulse between +B and an electrical potential difference lower 
than it (that is, a pulse signal with a setting frequency is inputted into the gate) — it is 
constituted like. 

[0004] In this circuit, rather than a source electrical potential difference, beyond a 
predetermined value, only when low, a current flows [ gate voltage ] between the source of 
FET12, and a drain, and power is supplied to a load 10. Therefore, the total resistance 
welding time of a load 10 is controllable by adjusting the duty ratio of the pulse signal 
created with the gate signal creation means 14 (if it puts in another way, the electric energy 
supplied to a load 10 from a dc-battery will be controlled). 

[0005] Mounted lamp modulated light and motor rotational frequency accommodation can 
be carried out without being accompanied by a remarkable energy loss and remarkable 
generation of heat like [ in the case of using variable resistance ], if such PWM control is 
used. 

[0006] 

[Problem(s) to be Solved by the Invention] If electrical machinery and apparatus, such as 
radio, are prepared near the circuit shown in above-mentioned drawing 5 , it is checked 
that a noise occurs to this device. As the factor, the change in the rapid current generated 
in a circuit is mentioned. 

[0007] That is, in the above-mentioned circuit, since the pulse signal which has an 
abbreviation rectangle-like wave in the gate is inputted, corresponding to this, the current 
which flows into a load 10 through between a source-drain will also be fluctuated steeply, 
and electromagnetic induction will cause a pulse-like noise in the device arranged near 
this circuit. 

[0008] Conventionally, the following is devised as a cure of such noise generating. 

[0009] ** Prepare a grand layer in the rear face of a printed circuit board at which the 
circuit was attached. 

[0010] ** Control the noise from an electric wire by preparing the shielding layer which 
consists of a metal mesh, a half-electric conduction resin layer, etc. in the perimeter of an 




electric wire, or making into a twisted pair the electric wire which comes and goes from a 
load. 

[0011] However, with the means of **, although the noise excited by the circuit attached on 
the substrate can be controlled, when the electric wire is connected to the 
above-mentioned substrate, noise generating resulting from the steep change in a current 
which flows the inside of this electric wire cannot be controlled. 

[0012] On the other hand, although the noise from the above-mentioned electric wire can 
be controlled with the means of **, while there is a fault which structure complicates and is 
enlarged and a variety of electric wires are together put especially by the attachment of the 
above-mentioned shielding layer, and installation of a twisted pair electric wire like wire 
harness, application to the part wired in narrow space is very difficult. Moreover, the cost 
rise of the whole system must have been escaped, either. 

[0013] 

[Means for Solving the Problem] In the power control circuit for automobiles for controlling 
the power which this invention is made that the above-mentioned technical problem should 
be solved, is formed between the power sources and loads in an automobile, and is 
supplied to a load from the above-mentioned power source While having a gate signal 
creation means for the source or a drain to be connected to the above-mentioned power 
source, to create FET by which another side is connected to the above-mentioned load, 
and a pulse signal with the set-up duty ratio, and to output to the gate of Above FET In the 
middle of the circuit from this gate signal creation means to the above-mentioned gate, the 
capacitor to which the time amount rate of change of gate voltage is reduced is connected. 
[0014] According to this circuit, even if the pulse signal which has a steep 
electrical-potential-difference change with the above-mentioned gate signal creation 
means is created, the time amount rate of change of gate voltage is reduced according to 
the operation of a capacitor established between this gate signal creation means and the 
gate of FET, and the gate voltage concerned starts comparatively gently, and falls. 
Therefore, the flowing current also fluctuates between the source-drain of this FET gently, 
and generating of the noise resulting from the steep change in the current concerned is 
controlled effectively. 

[0015] It depends for the time amount rate of change of the above-mentioned gate voltage 
on the time constant determined by the product RC of the resistance R of a circuit until it 
reaches [ from the above-mentioned gate signal creation means ] the above-mentioned 
gate (omega), and the electrostatic capacity C of the above-mentioned capacitor (F). 
Therefore, a gate change-of-potential property can be freely adjusted by setup of this 
product RC. Concretely, in order to fully acquire the above-mentioned noise reduction 
operation, it is desirable to set the above-mentioned product RC or more to 1x10 to seven. 
However, since the gate change of potential becomes it remarkably late that this product 
RC is excessive and good PWM control becomes impossible, as for the above-mentioned 




product RC, it is desirable to set or less to 1x10 to five. 

[0016] Although what is necessary is just to set up the frequency of the above-mentioned 
pulse signal suitably, since the operating state of a load becomes less smooth when this 
frequency is too low, as for this frequency, it is more desirable to be referred to as SOHz or 
more. 

[0017] As the above FET, although various things can be used, MOSFET with the cheap 
and moreover comparatively high withstand voltage engine performance is suitable. What 
is necessary is just to set the frequency of the above-mentioned pulse signal as 5000Hz or 
less, in order to make this MOSFET follow turning on and off of a gate signal and to realize 
good PWM control. 

[0018] 

[Embodiment of the Invention] The gestalt of operation of the 1st of this invention is 
explained based on drawing 1 . 

[0019] In this drawing, FET12 is formed between the power source (dc-battery of +BV), 
and the load 10 by which ground connection was carried out. In the example of drawing, 
while p channel MOS FET is used as FET12, the above-mentioned dc-battery is connected 
to the source and gate like the circuit shown in said drawing 5 and a load 10 is connected 
to a drain, the gate signal creation means 14 is established between the above-mentioned 
gate and a dc-battery. Like what also showed this gate signal creation means 14 to said 
drawing 1 , it consists of an oscillator etc., and it is constituted like and accommodation of 
the duty ratio of this pulse signal is enabled by the control signal whose electrical potential 
difference impressed to the gate of FET12 from the above-mentioned dc-battery is 
periodically changed in the shape of a pulse between +B and an electrical potential 
difference lower than it (that is, a pulse signal with a setting frequency is inputted into the 
gate) and which is inputted from the control unit of hand control or ****. 

[0020] In addition, the resistance 16 drawn on drawing 1 symbolizes a resistance 
component until it reaches [ from the gate signal creation means 14 ] the gate of FET12, 
and does not necessarily suggest attaching a resistor special between the gate signal 
creation means 14 and the above-mentioned gate. However, it is free to prepare a resistor 
special to this part. 

[0021] As a description of this circuit, the capacitor 18 is arranged on the above-mentioned 
gate signal creation means 14 and juxtaposition between a dc-battery and the gate of 
FET12. That is, this capacitor 18 is connected in the middle of the circuit until it reaches 
[ from the above-mentioned gate signal creation means 14 ] the above-mentioned gate. 
[0022] Next, an operation of this circuit is explained. In response to the 
electrical-potential-difference supply from a dc-battery, the gate signal creation means 14 
is an abbreviation rectangle-like pulse signal which changes periodically between the 
battery voltage (+BV) and an electrical potential difference lower than it, creates a pulse 
signal with the set-up duty ratio, and outputs it towards the gate of FET12. In one side and 




FET12, rather than a source electrical potential difference, beyond a predetermined value, 
only when low, a current flows [ the gate voltage ] between the source of FET12, and a 
drain, and power is supplied to a load 10. Therefore, the total resistance welding time of a 
load 10 is determined, and the electric energy supplied to a load 10 from a dc-battery is 
controlled by the duty ratio of the above-mentioned pulse signal. 

[0023] Here, conventionally which was shown in said drawing 5 , although a pulse signal 
with the wave of the shape of an abbreviation rectangle created with the gate signal 
creation means 14 in the circuit is inputted into the gate as it is, the time amount rate of 
change of gate voltage is reduced according to an operation of a capacitor 18, and gate 
voltage starts gently, and it falls gently in the circuit of this invention shown in drawing 1 . 
Although a current will begin to flow if the above-mentioned gate voltage exceeds 
predetermined threshold voltage between source-drains Since the above-mentioned flow 
resistance becomes low as the flow resistance between source-drains is high and the 
difference of gate voltage and threshold voltage becomes large in the condition with the 
above-mentioned gate voltage near the above-mentioned threshold voltage In connection 
with the gate change of potential becoming loose as mentioned above, the change in the 
current between source-drains also becomes loose, and the noise resulting from the steep 
change in this current will be controlled effectively. 

[0024] When the maximum voltage of the pulse signal created with the gate signal creation 
means 14 is concretely set to Vo, the electrical potential difference V of the time of a 
standup of the signal actually inputted into the gate of FET12 and the electrical potential 
difference V of the time of falling are expressed with the following (a) and (b) type, 
respectively. 

[0025] 

[Equation 1] 

V = Vo ( 1 - e-'-") (a) 

V = Vo • e ••• ( b ) 

[0026] t starts in the (a) type, falls in the elapsed time from an initiation point in time, and 
the (b) type, and shows the elapsed time from an initiation point in time here, tau is a time 
constant, and a reduction operation of time amount rate of change becomes remarkable, 
so that this time constant tau is large. Since this time constant tau is determined by the 
product RC of the resistance R of resistance 16 shown in drawing 1 , and the electrostatic 
capacity C of a capacitor 18, it can acquire a desired electrical-potential-difference change 
property freely by setup of this product RC. When the unit of omega (ohm) and 
electrostatic capacity C is set to F (farad) for the unit of the above-mentioned resistance R, 
specifically, it is checked by setting C for the value of the above-mentioned product RC or 
more to 1x10 to seven that sufficient noise depressor effect is acquired. However, since 
the standup and falling of gate voltage are remarkable and delay and good PWM control 




become impossible when the above-mentioned product RC is too large, as for the value of 
the product RC concerned, it is desirable to hold down to 1x10 to five or less. 

[0027] Although it can set up freely about the frequency of the pulse signal created with the 
gate signal creation means 14 Since a motion of the bodies (window glass etc.) for which a 
flicker of a lamp light takes lessons from an eye and which are driven by the motor 
becomes less awkward in the case of the lamp for mount, or a motor when a pulse 
frequency is too low, a load 10 It is desirable to set up the above-mentioned frequency 
more than 50Hz (preferably 80Hz) in the power control circuit for automobiles concerning 
this invention. 

[0028] On the contrary, when this frequency is too high, there is a possibility that change of 
a gate signal cannot be followed but FET12 may become impossible to it as for good PWM 
control, but if the above-mentioned frequency is set as 5000Hz or less (preferably 1000Hz 
or less), even if it uses MOSFET comparatively cheap as FET12, change of a gate signal 
can be followed enough and good PWM control can be realized. 

[0029] In addition, although MOSFET of an enhancement type is shown in drawing 1 , even 
if it uses MOSFET of depletion type, it cannot be overemphasized that the same 
effectiveness is acquired. 

[0030] The gestalt of the 2nd operation is shown in drawing 2 . Here, n channel MOS FET 
is used for FET12, a dc-battery is connected to the drain, and the load 10 is connected to 
the source. The gate signal creation means 14 is connected between the load 10 and the 
ground through the charge pump 20, and the electrical-potential-difference difference 
stabilized with the above-mentioned charge pump 20 between the source of FET12 and 
the input edge of the gate signal creation means 14 is secured. And the capacitor 18 is 
arranged on these charge pump 20 and the gate signal creation means 14, and 
juxtaposition. 

[0031] By creating the pulse signal which has a predetermined duty ratio with the gate 
signal creation means 14 also in such a circuit, and being outputted to the gate of FET12 
As if the current which flows into a load 10 through between the drain-source from a 
dc-battery is controlled, both The noise resulting from the change in this current is 
effectively controlled by the time amount rate of change of the above-mentioned pulse 
signal being lowered by operation of a capacitor 18, and making loose the change in a 
current which flows between the drain-source. 

[0032] In addition, in this invention, the above-mentioned charge pump 20 is omissible 
suitably. Moreover, this invention can take various operation gestalten according to a 
specification besides each gestalt shown above. 

[0033] 

[Example] this invention person etc. experimented using the circuit shown in drawing 3 . 
The basic configuration of this circuit is equivalent to the circuit shown in said drawing 1 , 
and the lead accumulator 22 of 12V is used for the power source. And the source of FET12, 




the gate signal creation means 14, and a capacitor 18 are connected to the positive 
electrode of this lead accumulator 22, the load 10 is connected to the negative electrode, 
and the loop formation of the negative electrode of the drain -> load 10 -> lead 
accumulator 22 of source ->FET 1 2 of positive-electrode ->FET 1 2 of a lead accumulator 22 
is formed. 

[0034] In this circuit, what set the resistance R of 1.0 micro F and resistance 16 to 0.2 
ohms for the electrostatic capacity of a capacitor 18 (namely, thing which set the value of 
Product RC to 2x10-7) is made into example **. What set the resistance R of 1.0 micro F 
and resistance 16 to 10 ohms for the electrostatic capacity of a capacitor 18 (namely, thing 
which set the value of Product RC to 1x10-5) is made into example **. While making into 
the example of a comparison what omitted the capacitor 18 and set the resistance R of 
resistance 16 to 0.2 ohms the conductor which investigates the wave of the input signal to 
the gate in each example, and the output signal from a drain, respectively, and connects a 
load 10 and the negative electrode of a lead accumulator 22 — radio 24 was brought close 
to a part and the existence of the noise generating was checked. A signal wave form [ in / 
for the signal wave form in the example of a comparison / example ** ] is shown in drawing 
4 (b) at drawing 4 (a), and the check result of the existence of noise generating is shown in 
the following table 1 , respectively. 

[0035] 

[Table 1] 



[0036] As shown in the above-mentioned table 1, in the example of a comparison, the 
noise is checked in both bands. Since the pulse signal of the shape of an abbreviation 
rectangle shown in the lower berth of drawing 4 (a) is inputted into the gate as it is, as 
shown in the upper case of this drawing (a), it fluctuates steeply (the momentarily 
remarkable pulse has especially occurred in the electrical-potential-difference standup.), 
and by this, fluctuation rapid also on the flowing current produces between a source-drain, 
and this can also consider a drain electrical potential difference to be what has caused the 
above-mentioned noise. 

[0037] On the other hand, in example ** and **, the noise is eliminated in the both sides of 
FM band and AM band. As shown in the lower berth of drawing 4 (b), in connection with the 
standup and falling of gate voltage being made loose by operation of a capacitor 18, this 
also fluctuates gently the current between the drain electrical potential difference shown in 
the upper case of this drawing (b), and a source-drain, and can be considered to be 
because for generating of the noise resulting from the steep change in a current to be 




avoided. 

[0038] 

(Effect of the Invention] It be the cheap and compact configuration of use neither a 
shielding layer nor a special electric wire since the capacitor to which the time amount rate 
of change of gate voltage be reduce be connect , in the middle of the circuit from a gate 
signal creation means to by_which this invention create the gate signal for PWM control as 
mentioned above to the gate of FET , and there be effectiveness which can control the 
noise resulting from the steep change in the current between the source-drains of Above 
FET , perform good PWM control . 

[0039] Here, if the product RC of the resistance R of a circuit until it reaches [ from the 
above-mentioned gate signal creation means ] the above-mentioned gate (omega), and 
the electrostatic capacity C of the above-mentioned capacitor (F) is set or less [ 1x10 to 7 
or more ] to 1x10 to five, effective noise control can be performed, realizing good PWM 
control. 

[0040] Moreover, if the frequency of the pulse signal created with the above-mentioned 
gate signal creation means is set to 50Hz or more, the smooth operating state of a load is 
securable. 

[0041] Moreover, if the above-mentioned frequency is set as 5000Hz or less, the 
effectiveness that good PWM control is realizable will be acquired, using MOSFET with the 
cheap and moreover comparatively high withstand voltage engine performance. 

[Brief Description of the Drawings] 

[Drawing 11 It is the circuit diagram showing the gestalt of operation of the 1st of this 
invention. 

[Drawing 21 It is the circuit diagram showing the gestalt of operation of the 2nd of this 
invention. 

[Drawing 31 It is the circuit diagram showing the example of this invention. 

[Drawing 41 Drawing having shown the wave of the gate input signal in the power control 
circuit which (a) requires for the example of a comparison, and a drain output signal, and 
(b) are drawings having shown the wave of the gate input signal in the power control circuit 
concerning the example of this invention, and a drain output signal. 

[Drawing 51 It is the circuit diagram showing an example of the conventional power control 
circuit. 

[Description of Notations] 

10 Load 

12 FET (Field-effect Transistor) 

14 Gate Signal Creation Means 
18 Capacitor 

22 Lead Accumulator (Power Source) 




